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REPORT  OF  INVESTIGATION 


I.  INTRODUCTION 

The  AN/BQH-1  measuring  set  is  manufactured  by  Dyna-Empire  Corpora¬ 
tion  under  contract  NObsr-75772.  It  is  designed  for  use  in  submarines  to  measure 
the  velocity  of  sound  in  water,  this  information  being  displayed  on  a  chart  as  a 
function  of  depth. 

The  equipment  consists  of  the  following  units: 

RO-142/BQH-1  depth-sound  speed  recorder 
RO-143/RQH-1  remote  depth-sound  speed  recorder 
OC-ll/BHQ-1  depth  element 
TR-167/BQH-1  sound  head  (two  per  equipment) 

Illustrations  of  these  units  may  be  seen  in  Figs.  1,2,  and  3. 

The  problem  of  conducting  an  engineering  evaluation  was  assigned  by 
reference  (a),  under  the  provisions  of  references  (b)  and  (c).  Because  of  the  short 
period  of  time  available  for  the  necessary  tests,  only  partial  climatic,  shock,  and 
vibration  tests  were  conducted. 

IX..  EQUIPMENT  OPERATION 

The  AN/BQH-1  represents  a  departure  from  the  regenerative  pulse  principle 
("sing  around")  as  developed  by  the  National  Bureau  of  Standards,  and  described  in 
reference  (d).  In  the  AN/BQH-l ,  sound  velocity  in  water  is  obtained  by  measuring 
the  travel  time  of  an  acoustic  pulse  over  a  path  of  fixed  length.  The  unit  is  completely 
transistorized  and  operates  from  the  115V,  400-cps  power  line. 

The  heart  of  the  system  is  the  sound  head,  the  operation  of  which  is  as 
follows;  the  output  of  a  crystal -coot relied  oscillator  is  shaped  into  a  train  of  pulses 
by  a  Schmitt  Trigger  circuit  and  a  differentiating  network.  Tho  negative  half  of  this 
pulse  train  pe riorum  two  functions:  (l)  it  is  amplified  and  transmuted  Into  the  water 
as  a  train  of  l  pace  pulses,  and  (Ln  R  is  u*e4  to  trigger  a  bistable  multivibrator  "ON,"* 
The  time  taken  by  (he  transmitted  **»’«  *?  &  traverse  the  water  path  is  dependent  on  Uio 
velocity  of  sound  in  water.  The  path  of  the  signal  in  the  water  is  shown  in  Fig.  4. 

This  pulse  **  received  by  another  hydixmhone,  amplified,  and  used  to  trigger  another 
Schmitt  Trigger  circuit,  the  output  of  which  Is  differentiated  and  then  used  to  turn 
Urn  multivibrator  to  the  "OFF’  state.  The  pulsed  UC  output  of  this  multivibrator  haa 
an  average  value  proportional  to  tho  sound  velocity.  This  1X1  signal  is  then  uaed  to 
pusiiioa  a  400 -eye to  servo  system  driving  the  chart  drum. 
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The  depth  element  connects  to  the  submarine  pressure  line,  and  Its  output 
is  used  to  position  the  pen -drive  servo  system.  On  the  recording  chart,  the  sound 
velocity  is  presented  on  the  horizontal  axis  and  the  depth  on  the  vertical  axis.  A 
remote  recorder  is  included  as  a  unit  of  this  equipment. 

III.  TEST  EQUIPMENT  AND  DATA 


Test  Equipment 


Because  of  the  unique  requirements  of  this  evaluation,  it  was  found 
necessary  to  acquire  a  precise  temperature  measuring  device.  A  Leeds  and  Northrup 
system  was  used,  consisting  of  the  following  units: 


8163-C  Platinum  Resistance  Thermometer 

8067  Mueller  Temperature  Bridge 

8068  Commutator 
2284 -d  Galvanometer 


For  reading  absolute  temperature,  the  over-all  limit  of  error  of  the 
combination  of  the  bridge  and  resistance  thermometer  L’  ±0. 06°  C. 


B.  Test  Data 

Reference  data  for  values  of  sound  velocity  in  water  were  taken  from 
Table  2,  Journal  of  Research  of  the  NBS,  vol.  69,  page  249  (1967),  (reference  (c». 
The  data  presented  are  values  of  sound  velocity  in  distilled  water.  The  NBS  also 
made  measurements  on  several  samples  of  tap  water;  these  sound  velocity  readings 
did  not  differ  appreciably  from  the  values  obtained  from  distilled  water.  Measure¬ 
ments  at  USL  were  conducted  using  distilled  water,  but  no  effort  was  made  to  main¬ 
tain  a  high  level  of  purity. 

The  data  as  presented  gave  sound  velocity  at  sveiy  centigrade  degree; 
linear  interpolation  was  used  to  get  sound  velocities  at  temperatures  between  these 
points.  The  combination  of  the  error  in  the  NBS  data  and  the  temperature  measure¬ 
ment  leads  to  an  over-all  error  of  *0.4  ft/sec  in  the  known  sound  velocity. 


IV.  EQUIPMENT  PERFORMANCE 


The  sound  velocity  is  presented  on  prosaure-sonemve  graph  paper  m  a 
function  of  die  depth  of  the  submarine  (see  Fig,  5).  The  sound  velocity  axis  is 
calibrated  in  10  ft/see  intervals  from  4000  to  SMKI  Ct/aeut  Use  depth  scale  is  calibrated 
in  20 -foot  intervals  from  0  to  1500  foot.  Also  included  on  the  chart#  are  two  set#  of 
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Isoballast  curves— one  set  for  the  Isothermal  condition  and  the  other  set  for  the  Iso¬ 
saline  condition.  Each  set  of  these  isoballast  curves  is  computed  for  a  specific  class 
of  submarine. 

The  chart  is  required  to  have  scale  divisions  of  10  ft/sec,  and  a  slope 
change  of  1  ft/sec  in  the  sound  velocity  should  be  readable.  By  exercising  caution 
in  the  reading  of  the  chart,  it  is  possible  to  read  the  sound  velocity  to  the  nearest 
2  ft/ sec,  but  reading  to  1  ft/sec  would  not  produce  consistent  results.  The  ability  to 
read  within  2  ft/ sec  is  considered  sufficient. 

The  chart  is  not  provided  with  red  illumination  as  required  by  the  equip¬ 
ment  specification.  The  charts  are  illuminated  by  clear  bulbs,  with  amber-colored 
glass  being  used  in  the  cover  of  the  equipment.  The  intensity  of  the  lamps  is  variable, 
and  at  maximum  intensity  the  light  was  judged  to  be  excessively  bright.  The 
contractor  maintains  that  if  red-tinted  bulbs  were  to  be  used,  it  would  not  be  possible 
to  see  the  chart  trace  because  of  the  large  area  that  must  be  covered.  Final  approval 
is  contingent  upou  the  contractor's  provi  ding  an  illumination  system  suitable  to  the 
Bureau. 


B.  Sound  Velocity  Measurement  and  Calibration 

The  sound  head  of  the  AN/BQH-1  wa3  immersed  in  a  temperature- 
controlled  bath  of  distilled  water,  and  the  bath  temperature  and  the  reading  of  the 
stylus  on  the  chart  were  recorded.  Figure  8  shows  the  relationship  between  the 
sound  velocity  as  recorded  by  the  AN/BQH  and  the  data  obtained  from  the  NBS  report. 
The  recorded  sound  velocity  was  within  10  ft/sec  of  the  NBS  values  over  the  tempera¬ 
ture  range  of  0°  C.  to  30°  C.  No  tolerance  for  the  sound  velocity  measurement  was 
spelled  out  in  the  equipment  specification,  but  this  amount  of  error  is  considered 
to  be  acceptable. 

It  is  required  that  means  be  provided  to  determine  if  trie  sea  unit  (sound 
head)  has  remained  in  "r.l  lb  ration.  This  is  done  by  depressing  a  switch  on  the  front 
panel  of  the  equipment  causing  the  recorder  to  indicate  4800  ft/ see,  Depresalon  of 
Urn  switch  actuates  u  relay  which  shorts  out  the  first  three  stage-?  in  the  sound  head 
receive  -amplifier  and  injects  Into  the  fourth  stage  a  portion  of  Uut  output  from  the 
Schmitt  Trigger  circuit  and  differentiating  network.  This  signal  causes  the  receive 
Schmitt  Trigger  t ?>  tore  the  output  multivibrator  “OFF.  "  If  the  sound  head  la 
immersed  la  water  of  approximately  3d*  C. .  the  "cal"  .tedteutioa  is  4806  ft  Acte, 

With  the  sound  head  immersed  in  water  colder  or  warmer  than  this,  the  'Vat” 
reading  departs  from  4880  itAeo.  as  shown  in  Table  I,  lids  deviation  is  caused 
by  changes  in  the  operating  points  of  tee  sound  head  troastetera  with  temperature, 
which  changes,  however,  da  not  affect  the  measurement  of  sound  velocity,  Tito 
error  is  potentially  disastrous,  for  it  is  passible  to  adjust  the  chart  drum  with 
respect  to  its  drive  mechanism,  resulting  in  cut  incurred  position  «f  the  chart  if  it 


is  set  at  4800  ft/see  when  the  "cal"  reading  is  actually  something  different.  The 
contractor  reports  that  a  development  to  correct  this  deficiency  is  under  way,  but 
until  such  time  as  this  correction  is  brought  about,  the  "cal"  reading  should  be  used 
only  to  Indicate  whether  or  not  the  equipment  is  operating  and  not  as  an  absolute 
value  by  which  to  position  the  chart.  It  is  recommended  that  when  this  deficiency 
is  corrected  the  AN/BQH-1  be  resubmitted  to  determine  if  the  calibration  system  is 
sufficiently  accurate  to  warrant  its  use  as  an  absolute  indication. 

Tabic  I 

VARIATION  OF  "CAL"  READING  WITH  TEMPERATURE 


Temperature  of 

Sound  Head 

i*CalM  Reading 

(°  o.) 

(ft/aec) 

2.8 

4790 

6.9 

4791 

14.1 

4797 

19-9 

4801 

26.? 

4805 

33*2 

4798 

•Normal  4800  ft/seo 

It  is  possible  to  calibrate  sound  heads  for  use  with  different  recorder  units. 
This  is  accomplished  by  means  of  three  potentiometers  In  the  recorder.  One  adjusts 
the  low  end  (4800  ft/sec)  of  the  scale  for  both  sound  heads;  the  other  two  adjust  the 
high  end  of  the  scale  for  each  sound  head  individually.  Since  adjustment  of  these 
potentiometers  requires  extremely  accurate  information  as  to  the  temperature  of  the 
water  in  which  the  sound  heads  a  re  immersed,  the  calibration  should  normally  be 
undertaken  only  under  laboratory  conditions.  Any  effort  by  ship’s  personnel  to  under¬ 
take  it  will  only  lead  to  inaccuracies  of  unknown  magnitude  in  the  recorded  values  of 
sound  velocity.  Two  avenues  of  approach  arc  open:  first,  to  replace  the  potentio¬ 
meters  with  fixed  resistors,  and  second,  to  maintain  the  settings  of  the  jHitontiometer 
with  locking  devices.  The  first  remedy  takes  away  the  ability  for  easy  interchange 
of  recorder  units;  the  second  method,  while  far  from  being  tamperproof,  is  probably 
preferable  sine®  it  does  retain  tiio  interchangeability  feature. 

6.  Ifeskh  Element 

The  depth  element  is  required  to  satisfy  the  following:  output  linear  within 
iO ,  &%  of  feU-seale  ttepth;  hysteresis  not  to  exceed  *u.0%  of  tulUu'aUs  depth;  tempera* 
turn  da&ttielent  net  to  exceed  tier  *t\ ;  and  mr&  shift  not  to  exixmd  0,01%  per 
*F.  Thu  output  of  tW  depth  element  was  not  mmmmd  directly.  the  jsshiUnn  of  the 
stylus  the  shari  being  deemed  suffteteniiy  aeeumto  fer  linn  required  fuevuitfo* 

ajudted  to  the  depth  ekmumt  was  measured  by  smztw  of  a  U„  $, 
Gauge  Company  master  gangs,  which  was  in  turn  cheeked  at  different  points  its 
aeafe  by  ft  Grouty  Steam  Gauge  luster  accurate  to  *1  pouAd/W'h*', 


1.  Output  Linearity  -  Figure  7  illustrates  the  depth  as  Indicated  by 

the  AN/BQH-1  versus  the  pressure  applied  to  the  depth  element.  The  depth  indication 
exceeds  the  linearity  requirement  only  at  the  extreme  upper  and  lower  ends  of  the 
scale.  The  linearity  requirement  is  satisfied  completely  for  depths  of  40  to  1470  feet, 
and  is  considered  to  be  acceptable. 

2.  Hysteresis  -  The  amount  of  hysteresis  present  in  the  depth  circuit 
is  defined  as  the  difference  in  indicated  depth  when  the  same  pressure  is  applied  to 
thb  depth  element,  first  when  the  pressure  is  increasing  and  then  when  It  is 
decreasing. 


Figure  7  also  indicates  the  hysteresis  present  in  the  depth 
indicating  system.  The  amount  of  hysteresis  present  is  twenty  feet,  well  within  tbs 
limit  of  ±5%  of  full-scale  depth  (±75  feet). 

3*  Temperature  Coefficient  and  Zero  Shift  -  During  the  limited 
climatic  testa  conducted  on  the  equipment,  no  temperature-dependent  change  was 
observable  In  the  depth  indicator,  for  both  con  sum  t  applied  pressure  and  aero 
pressure  (aero  shift). 

4.  Calibration  and  Zero  Set  -  Calibration  of  the  depth  scale  ia 
provided  by  means  of  three  potentiometers — two  for  the  sere-depth  calibration  of 
each  sound-head,  and  one  for  maximum-depth  calibration  of  both  units.  The  ability 
to  individually  calibrate  the  zero  setting  no  matter  which  sound-head  is  in  use, 
fulfills  the  requirement  of  being  able  to  adjust  for  a  25*to-50»foot  difference  in 
mounting  location  of  the  sound-heads. 

V.  ENVIRONMENTAL  TESTS 

A.  Pressure  Test 

The  sound-head,  Including  He  cable  packing,  was  subjected  to  the  following 
hydrostatic  pressure  test;  15  minutes  at  MO  psig;  14  hours  at  600  palg*  and  0  hours 
et  850  pmg,  Heaisltince  readings  were  made  at  the  end  of  thr  with  m  diifeyene# 
from  tit©  readings  obtained  at  smito  proaaur©  being  detected  during  the  eoures  of  the 
test. 

A  test  (OfO  pirtg  for  ism  ssiauto)  wad  also  coaduftted.  wliii  the  souhd  Wad 

©onnoctod  to  tint  mtanler  unit,  WHe»  the  i»ro«8»re  removed, tits  sound  velocity 

intbcaiiu©  rote  sued  to  within  2  ft/*©e  of  the  ortgiaai  Imlicatcof., 

B.  Climatic  Teste 

Climatic  testing  eon sisted  ol  two  parted*  of  aj^vosUnateiy  eight  hour* 
each,  for  the  first  period  wore  *122*  F,  sad  Iss®  than  §0%  H,  lb  ;  for 

i  ’  '  .-a. 


the  second  period  they  were  +122°  P.  and  95%  R.  H.  No  deterioration  in  performance 
was  noted  during  this  test. 

C .  Vibration  Test 

The  following  vibration  test  was  conducted  on  the  main  recorder  unit: 
exploratory  run,  5  -33  cps,  in  the  front-back  and  side-side  planes;  and  a  variable 
frequency  test  (5-d£?  cps,  with  five  minutes  at  each  discrete  frequency)  in  the  front- 
back  plane.  The  remote  recorder  received  the  exploratory  and  variable  frequency 
tests  in  the  vertical  piano.  The  depth  element  and  the  sound  heads  were  not  vibrated. 
No  mechanical  or  electrical  failures  occurred  as  a  result  of  these  tests.  Owing  to 
the  short  time  available  for  evaluation,  only  these  limited  vibration  tests  were  con¬ 
ducted.  They  are,  however,  considered  sufficient  to  indicate  that  no  trouble  will  bo 
experienced  with  the  recorder  units  under  conditions  of  environmental  vibration. 

D.  Shock  Test 


The  main  recorder  unit  was  subjected  to  the  complete,  light-weight  shock 
test.  Two  power-supply  filter  capacitors,  C206  andC229,  repeatedly  popped  from 
their  sockets,  despite  the  use  of  restraining  clamps.  The  clamps  prevented  the 
capacitors  from  flying  around  inside  the  equipment,  but  were  not  sufficient  to  hold 
them  in  their  sockets.  These  c lamps  should  be  replaced  with  others  that  will  hold 
the  capacitors  in  place.  The  loads  of  #wo  tubular  At  pf  capacitors  (C224  and  C2Q9) 
broke  during  the  teat.  This  can  bo  prevented  by  clipping  these  capacitors  to  Urn 
chassis. 

VI,  CONC  LUSION  AND  RECOMMENDATIONS 


A.  Cgndughw 


Tito  equipment  is  considered  satisfactory  for  Navy  use,  Provision  of 
proper  etwrt  Utumiuatten  and  m  accurate  calibration  system  will  serve  te  comet 
die  only  serious  deffefonetee, 

The  folio  wteg  reeosuaetuMions  will  wm  to  comet  the  im  deftetetMUs* 
found  in  tho  *xjui|ssteftb 

1,  Modify  sound  ciruoita  5eUwte*ftbna.Uo«  reading  it  mi  tetc*x>tUUit‘a 

dopemkat, 

3,  Provtrte  proper  red  flte/n  .sUoa  for  the  chart, 

3,  Uwttk  efoetjoiytiv  and  fyiiuter  capacitor*  so  that  they  wiU  stay  in  place  ml 
net  break  food#. 


# 


Fl||.  *  *  Pith  of  SLgnil  TUon|h  W«*» 
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